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(54) METHOD AND APPARATUS FOR PRODUCING THIN FILM 

(57)Abstract: 

U-EfcJ-® PURPOSE: To form thin films of various 

- ^ 23 W kinds of multicomponent metal compds. on a 

j_ j substrate at a low cost by introducing raw 

24 ~ ™^-_->o materials for forming the thin films in the 

form of a soln. mist by a discharge gas 
consisting essentially of a rare gas into an 
atm. pressure glow discharge area and 
generating a plasma discharge. 
CONSTITUTION: A soln. 7 prepd. by 
dissolving compds. of various kinds of inorg. 
metals and org. metals into a solvent, such as 
water or alcohol, is supplied from a supply 
port 6 into a vessel 1 of a mist generating 
* section (a) and inert gases, such as He, or 
reactive gases, of 02, etc., are introduced as a 
carrier gas from a gas introducing pipe 4. The 
soln. of a metallic compd. is misted by an 
ultrasonic vibrator, etc. The soln. is supplied 
together with the carrier gas from a 
connecting port 5 into a pipeline (b). The rare gas, such as He, is then incorporated 
from a supply port 15 into the mist-contg. gas in such a manner that the volume % 
thereof attains >90%. The gaseous mixture is supplied as a discharge gas into a 
discharge pipe 17 and the glow discharge is generated under atm. pressure by 
impressing a voltage to an electrode 18 to generate plasma. The cap 22 of the 
discharge pipe 17 is removed and the high- quality thin films consisting of various 
kinds of the metal compds. are formed on the surface of the substrate 23 facing the 
discharge tube. 




DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the manufacturing method and device 
of a thin film. It is related with the new still more detailed thin-film-fabrication 
method by atmospheric pressure glow discharge plasma useful also to the thin film 
forming of a multicomponent system quality [ this invention ] and efficient, and the 
device for it. 
[0002] 

[Description of the Prior Art]Conventionally, as various kinds of metal, an alloy, and 
a method for forming the thin film of compounds, such as an oxide, carbide, and a 
nitride, further, Methods, such as the vacuum deposition and sputtering which carry 
out gaseous phase vacuum evaporation in a vacuum system, CVD, ion plating, and 
plasma CVD, the method by a plasma metal spray, etc. are known. 
[0003]It is effective as the method using the vacuum low-pressure conditions of these, 
especially a method of forming a quality thin film in the case of ion plating or plasma 
CVD, and is utilized in manufacture of precision mechanical equipments, optical 
instruments, electron devices, semiconductors, etc. However, in the thin film forming 
by this conventional vacuum low-pressure method, the equipment for a vacuum 
system and a maintenance are required, and precision was required also of the 
conditional control for thin film forming, and, moreover, there was a fault that 
improvement in that efficiency was difficult. Therefore, it surely could not but 
become a high cost. 

[0004]On the other hand, in order to perform a plasma metal spray under atmospheric 
pressure conditions, there was a fault that it was difficult for the target substance to 
have restrictions naturally and for the cost for a vacuum system to control the tissue 
and a presentation of a thin film precisely since [ of a not required thing ] it becomes 
thermal spraying in high temperature extremely. In any [ of a low-pressure method 
and a spraying process ] case, it was difficult to form the thin film of multicomponent 
systems, such as a multiple oxide, and it had a fault also in this point further again. 
[0005] An object of this invention is to provide the new thin-film-fabrication method 
which can be made in view of the situation as above, can cancel the fault of the 
conventional method, enables formation of a quality and efficient thin film, and can 
moreover also make formation of a multicomponent system thin film easy, and the 
device for it. 
[0006] 

[Means for Solving the Problem]This invention as what solves the above-mentioned 
technical problem An inorganic metal compound, an organic metallic compound, Or 
solution mist of the mixture is introduced into an atmospheric pressure glow discharge 
region by mixed gas with rare gas or rare gas, inactive gas, or reactive gas, and a 
manufacturing method of a thin film by atmospheric pressure glow discharge forming 
metal or a metallic-compounds content thin film in a substrate face is provided. 
[0007] A condensator which carries out the cooling collection of the solvent which this 
invention contained as a device for it in a pipeline and mist which carry out floating 
conveyance of the solution mist of an inorganic metal compound, an organic metallic 
compound, or its mixture, It is a system for thin film deposition by discharge which 
has an electrode arranged to this pipeline, and induction of gas and a substrate pair- 
oriented open end part, From gas induction, mixed gas with rare gas or rare gas, 
inactive gas, or reactive gas is introduced, Voltage impressing to an electrode is made 
to generate atmospheric pressure glow discharge, and a manufacturing installation of 



a thin film by atmospheric pressure glow discharge forming a thin film in a substrate 

face which counters an open end part of a pipeline is also provided. 

[0008] 

[Function]That is, this invention applies the glow-discharge-plasma art under the 
atmospheric pressure which the artificer has proposed as what already cultivates the 
new field of a plasma technic, or the pressure conditions beyond it. This atmospheric 
pressure plasma technic is made based on knowledge that glow discharge plasma 
stabilizes and generates on condition of more than the atmospheric pressure which 
could not expect at all, either from the conventional common general technical 
knowledge. Even if it does not adopt low-pressure vacuum conditions, glow discharge 
plasma stabilizes and generates, and as for the knowledge that the application as the 
industrial technique is possible, the Shinji origin of plasma reaction art is just 
cultivated. 

[0009]Thin film forming's occurring as one application of this new plasma technic is 
also also having already proposed. However, about the policy for employing the 
feature of using atmospheric pressure conditions in the maximum efficiently in the 
application side, the examination is just going to be advanced now. 
[0010]The method of thin film forming using the solution mist of this invention is 
created from such an examination process. In the method of this invention, although 
the source material for thin film forming is introduced to an atmospheric pressure 
glow discharge region as solution mist, as a source material in this case, various kinds 
of things of an inorganic metal compound and an organic metallic compound are used. 
For example, the proper thing of the metallic compounds of the inorganic matter or 
organicity of the halogenide of various metal and semimetal, a nitrate, sulfate, an 
phosphate, carbonate, organic acid salt, metal chelate compound, complex salt, an 
alcoholate, and others is illustrated. 

[001 1 ]If these source materials do not check thin film forming, they can be dissolved 
and used for various kinds of solvents. As a solvent in that case, the thing of water, 
alcohol, ether, ketone, and others is used suitably, solution mist can be formed, for 
example by a means publicly known as a nebulizer by use of an ultrasonic wave etc. - 
- these mist — gas - it conveys "resemble mixed gas with rare gas or rare gas, inactive 
gas, or reactive gas more preferably" to a discharge zone. 

[0012]On the occasion of the introduction to a discharge zone, it may heat beforehand. 
As rare gas, although helium, Ne, etc. are used, helium is used most suitably. Of 
course, it may be the mixed rare gas. For example, they are helium+Ne, helium+Ar, 
etc. It may mix with the carbon dioxide as inactive gas, and nitrogen gas, and may 
mix with reactive gas further. These are chosen according to a predetermined thin film 
presentation or its physical properties. For example, oxygen, hydrogen, nitrogen, 
hydrocarbon, ammonia, amine, fluorohydrocarbon, halogen, etc. are illustrated. 
Generally, when using these inactive gases and/or reactive gas, it is preferred that the 
rate of rare gas occupies more than 90 capacity %. For this reason, the rate of inactive 
gas or reactive gas is made into 10% or less. The pressure by the gas at the time of 
membrane formation can be made into atmospheric pressure or more than it from the 
pressure under the atmospheric pressure near the abbreviated atmospheric pressure. 
What is necessary is just to choose this pressure and the flow of gas suitably so that 
stable discharge for thin film forming may fully for carrying out floating conveyance 
of the solution mist be performed. 

[0013]Terms and conditions, such as impressed electromotive force for discharge, 
concentration of solution mist, holding time in a discharge zone, are suitably chosen 
until now corresponding to publicly known knowledge and the thin film made into the 



purpose. Anyway, the thin film fabrication in a well head is possible, without needing 
a vacuum system like the conventional vacuum evaporation, sputtering, plasma CVD, 
and laser CVD by this invention. The composition control of a thin film is easy. Since 
preparation of a raw material with high purity is easy, it is effective also in the thin 
film forming of a multicomponent system. 

[0014]By this invention, aluminum203, Si02, ZnO, SnC>2, and Fe2C>3, A1N, Begin TiN, 
SiC, ITO, etc. and For example, BaTiC>3 of a ferroelectric, The thin film forming of 
PbZr x Ti). x 03 of an optoelectronics material, LiNbC>3 of piezoelectric material, PbTi03 
of a pyroelectric material, a barista, a ferrite, and various kinds of other substances 
becomes possible. 

[0015]Hereafter, an example is shown and this invention is explained in more detail. 
[0016] 

[Examplel Drawing 1 is a lineblock diagram showing an example of the device for 
implementation of this invention. A raw material is used as solution and made into 
mist with the nebulizer. This mist is introduced into the discharge zone through a 
pipeline by helium (helium) gas. A ribbon heater and a condenser tube are for 
lessening the moisture which is a solvent component of raw material mist as much as 
possible. 

[001 7] Atmospheric pressure glow discharge is making helium (helium) gas introduce 
and generate. And as a substrate, Si and glass were used respectively and the ZnO thin 
film was formed using the solution mist of Zn(N03) 2. Table 1 shows the conditions 
for it. 
[0018] 
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[0019]As a result, in the case of the solution concentration 0.01M, the biggest 
membrane formation speed was obtained. At the substrate temperature of not less than 
500 **, the ZnO thin film was formed selectively. Powdered generation was also 
accepted at a lower temperature. The thin film formed below 600 ** is a ZnO film of 
a non-stacking tendency, and the ZnO thin film of C axis stacking tendency was 
generated at the time of substrate temperature conditions higher than this. 
[0020] Drawing 2 shows the relation between substrate temperature and membrane 
formation speed. Similarly, it is also possible to form various thin films, such as 
Fe 2 0 3 , Sn0 2 , and BaTi0 3 . 
[0021] 

[Effect of the Invention]By this invention, the quality and efficient thin film forming 
of preparation of a high grade raw material becomes it is easy and possible as 



explained in detail above. It becomes easy [ formation of a multicomponent system 
thin film ]. 

[Claim 1] Solution mist of an inorganic metal compound, an organic metallic 
compound, or its mixture, A manufacturing method of a thin film by atmospheric 
pressure glow discharge introducing into an atmospheric pressure glow discharge 
region by mixed gas with rare gas or rare gas, inactive gas, or reactive gas, and 
forming metal or a metallic-compounds content thin film in a substrate face. 
[Claim 2] A surface treatment method of claim 1 whose rare gas concentration is not 
less than 90% of mixed gas. 

[Claim 3] A pipeline which carries out floating conveyance of the solution mist of an 
inorganic metal compound, an organic metallic compound, or its mixture. 
An electrode arranged to this pipeline, and induction of gas and a substrate pair- 
oriented open end part. 

Are a manufacturing installation of a thin film by atmospheric pressure glow 
discharge provided with the above, mixed gas of rare gas or rare gas, and reactive gas 
is introduced from gas induction, voltage impressing to an electrode is made to 
generate atmospheric pressure glow discharge, and a thin film is formed in a substrate 
face which counters an open end part of a pipeline. 
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( i > o&mm^^m^ < 2 ) wmthtix^h. 
*<;7*A4«A*4*> , jr^»An (4> . hi 

< 7 ) tt, JKMftlflQ ( 6 > taivctw ( 1 > WttC 
&A<*n4, eeJ:)tt!Xt*±ft<r> tf*. flEft 
( 6 > <fc DJEfti&S < 7 ) { ! ) FJS|itc& 

AUc^C DC«tt (3) 40NKU aSttffift? 

{ 2 ) *t»J 7^«AP < 4 ) ct 

»3HeW+t 'JT#X*«B ( 1 > rt«K«AT4C 
4C )Ef4&ig < 7 > 4>ft«|fc * A b##fe£U * * « 



S4. fEf4** h*MUlK*&iK»' 4++ 'J7# 
*±t/Ctt, SrK<0tt«^^iH«©^rt»«:flB^4 

■«&^4 , S'4c4^x*#4 0 cne«>#Aai»4, 
^c#iia^^^K^r£or3ai:^jgwsn4o v 
*>. anc^ira^K. *ty7^«AP <4> 

(8) tat»4ct^'c*4 # sfc. mm (5>^^> 

4c4«>i?^4o c«>y?K>t-* o) * + yr 

^4S|5 <7> <tl/rc<DB2Ul«7nUfcJ:^ar5^h* 

^Rstc: j: tewmtitOLtt ho>mmr 4 c 4 *> *m 

r^4o *feSlcc«^Uft:J:^^. fiH(^) 
< i o ) *«*»ot:o4. co>mm < i o > it, 

±Bl/fcy#>fc-* <9> ttfctt. JRtt^^h#«> 
*W*»S«:l£»3'**4fc«)0<>«[>'C*4o 

P-a^77XT^^5E<!;W»i^'r<V4c 

n. «CDWH»&^«d4r h^^^ (12)4 

2^d3) */ri/r»«i/t:c*4. ^tJo^^.'S* 

c?) tosaica, guo^ ^ * (i4> aH*steti4* 
WEUfc*ttl^**A*4^»A» < i 

5 > nm»h*%x^h. cwmh* ( i s > t 

4* ^Xa»7^gp (15) Ktt, ^Sl5S«:*liarr4fc«> 
CC^ait (16) *tt»4C4^t?*4. 03**. HI 

{X) in l/fcaHBT* 4. C<DH30!:'PI|tCiJ 

OftSflf (17) 4(i^T^4o CfcSMMf < 1 7 > <J> 

0. ±IMcctt±1!rccHDl/X:HMMitKWr<r'4 # S 
fe. S(SS (17) <WW«:« % ^Sii/T^iilS^S 
{ 1 8> *s2ft**ftW6n, < 1 8) It 

Ki««r4ct*r'*4. ^goiMiiii/rti. wstc 
Pfi«3n4c4««f<, ccwft*c<>aa[tt<><D«:»«r 

4C4^t?*4 f CG>J:$aftSflf < 17) a>F^g|J^, 
WiacDiW#^#*f^«X* (15) J:0«A5n4o 

a«g <i7) iurii. fc&Ai<effvtttfflT6c 



(7) 
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WK l 7 > 09Mic4<SKcMiSlB8W < l 9 > *tt 
t*6*v cosshsas^ < i 9 ) (Dpssiitcfe^ < i 

7 ) *«|ftl/C^4o S«ffS* < 1 9) Its TWfflfc 
T«»lffl«K«#*«AP <2 0) toXVCtitcttm? 

h#xn (2i> *wi/c*c**. ±&vat$ 

(19) 4>#X«AP (20) afcfctt. fittt* (17) 

*»e ?a - ft*^ ^ x?cDft^«:f* sarnie ore 

t>*4. *^*aHW*5X^©^Kj:0«l«« 

S < 1 8 > »©««t*iJoft3n, efb^n^f < a*. 

CCC-i: ^ cc i/cWMfcai*r4 t . *SJE ?n -fM 

4fcfccc % S&fSStf (19) GW*«AP (20) J: 
91Mfc*t»jtr4#x**A , *'4. *©J:5ft#*Jtt» 

*i©t?*W*»cc*IH«a< , fc&iU*Ni*etiirr 

essse (19) c-rt^cc^A^n 

ttSSU (2 1) JQBfflRSW U9) 

l/Ctt, fe4*tf#9X**«**C4*T?*4. ft 
to. MRttS (18) VO«MMb«:MJh 

±S20«H»ksc (19) (c(Bfry4*5K:i, 
rU:i^o c©€fc^ft^9X^#fe*» oj icfc<,*r 
It. MWAW (15) £QM#x«WAl'. «HR« 
S ( 1 8 ) OCR F«jt»AT4C4t, W**ETK 

Wcto^rtt. *?xv£4» <$> <rMn<% < l 7 > 

CE>±«B«t»C*W8lt , C. (2 3) £Eg-f4C 
tW-C* (x) «, *att«>«fi 

<24> tmKx^h. me (2 3) a. c<*> 

ttfej^uy- ( 24 ) ^IHtCEfiSfl, 
(2 4) ©■□•t^rO'CWW (17) 

flT4. ftto. (2 4) (e^rtt. «f| 

tafcUTT, Sfi (2 3 ) <Clt»RJ6tt^tR#<l»4 
Citft****^ 5fc#A<^Aff*KHT4C4 
^tt-C*4, *fc, m (2 3) ®±tfCCli. 
(23) &fc^KJJO&? */ca>0>*li^« (25) #S8W 
&*TCl'4« CCtfJOSMS ( 25 ) <Dft»Ktt % gfe (2 
3 ) (DWtiKfflOttm (26) *TO*«TC*0 , 



(2 7) tc«?vwcc*6»snr^&. 
(25) (^>W^c*r««K:WR«ja:< , & 

S«9i*6Ci^r'S*. JO*MS ( 25 ) (DJbSIttc 
I*. Sffi (2 3) **|HjM"4*R±b'Cl Rb-* <2 
8) WWC^i, S6teC0B3C>0jK:tetr> , C 
It. Ob©:/* («5> toefctfi Rb-* <2 

8 ) eRl»fc&K$K* <*> * jr- { 2 9 ) (CJR 
$l/CU'4. ^-Xi$ ( 29 ) 4>HBttSCtift« (3 
0 ) K J: 0 fl«ffiS|ta:i£if§<? ft* £ 4 i<c, ie]fi&g£i 1/ 
fcW ( 3 1 ) JMWWrC^*. tm'B ( 1 7 > (*, § 

ffifsg^ (19) 4 4^@ir-A (3 2) iaoc 
o*-x<£ (2 9) ^MKBH&sntvft, 
(3 1) 4*Wrr**--*ft (2 9) «)#ffltc«. 

(2 4) &±Tfl@a±*4HP» (3 3) ^ 

«*snrc'«. at****- (24) oftftfcttttt 
r-A <3 4) ftstftftSivcfc*?. c©Hftr-A (3 

4 ) #«r-X|* (29) ABCCttttfcHQtf (33) CC 

»*sn* iMs*juy- (24) *««<D*$ffiBrtt? 

_bT3)iS£l>. auiftttKK:ltfi*B*S'*C4^X l 
9«A^(Cl/*C^&. C©*^**— ^i* (2 9)±ffl 
ccit. **giKCS^fi^C0Jll^S (3 5) ^SS^^cg 
(3 6) 3DW46ntri*& # C(^S(36) <Z>f«gitS 
(35) <J>±^^, ±iaUfe i R b- * { 2 8 ) #£5 
34va»&. &fi <23) CDJU^lt IRb- 

* (23) ^6IBMdn«it»W(CJ:D, *0^S (3 

5) <25) £*U/ tr?rt>ni J: ^(curc**, 

(29) C[>Tffl«:«» »9D < 3 7 ) WAS 

n^c 4a »j , wMHrnzft *tc##si& t u 
^Sf^S^ (19) <o»«p (2i) frfi>m& 
3h*NjW)#X*»«:ir-X|* (2 9) *6ff»C 

g» 

fe<Lx.it01. B2toJ:^B3^7nU/cJ: J >ftftB&« 

i^c. RMtf&i/raiBm cziti (NO,> J *s 

jftSlflBl/, '^o^lUi^UfcJi^^ift^cctoc^C, He 
< 1 7 ) ©<*®K:««rfl^fen«:*fi«S (18) 
KR F^^AO, fe^W (17) ©rt«RC*«EEy 

(T) ( dt^S«teZn (NO. ) .«SXCE>3i 

Aht»Ai/ft: # *ur. zy-tirtf*^ sKfitoJ: 
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Zn (NO. ) , (C) 

ttfcHeffxfcjaKFd) 
£»Q«4g&£*»g|li (D) 

asm* 



Zn (NO,) t *a8©^h^4feJ:^*aE 

yp-ft«7 7 b i/ 1: + y r # * teJ: 

ft«#A4<./Ctt* 4kKHe^£ffil'fc 0 Sfc t: 
* + iJT#*&W#*©*<tft (Fc/Fd) fco.lfcTFK 

4#B^l/fctcM(J»«Stifc 0 H4©a, btoXVc 
\t. &i, S«S«250± 10*0, Zn < NO,) 1*8 
jftttft (C> Q.oiMfcJrtfSStfc <Fc/w> o,l/l^K 

icsas^Maia <sem>¥.*t:-*4 0 *&. B5© 

a, b, cfcAtfdt*, C = 0,0iM, Fc/Fd=0.i 
/1.0feJ:PD s SwintCSWU, St5^&&720, 680, 63 
Ofc £OWC4 OfcWccff 6nfcS»4©Sfi*iB«)S E 

( X R D ) *flh»TTH*t/fco *-©$£^©HW£r>l/fc 
cc. WK*0<crt*LrfcMtt % BtftHS ( Z n 0 ) X'%> 

bcLimmztxtc. ate. »«as©±fftcf*->tr 

{ 0 0 2 ) WO < * r> XV4C 4 4>6|SS$n 

fc. milt, »6n&2n0««>fcr-^«*©tt*«fi 
lW«3#OT^o? H/fctWHt?**. ZnOMli, 

<oo2> B#fiKEffl?4c4#a6nTC'4. 

£g^#630*C ftiS* 6%*CCBl* O , <fc * 680TC t« 

?T^fco *<MS*(^--««:*t/fe<>©*ia8<J[>a 4a£t>' 

4<*;5cc, MBdE»*<tt«cc Mf ?ft , C4Hl4l (a) ifi 
JhS <tt<?xteO* c^i*ttJWfc<a-5ri*4C4a* 



0. 0 1,0, l *JtCM. OM 
1 6 0 - 7 5 0 V 
0. 0 5-0, 21/mift 
0. 5 -2. 0 I /m i n 

2 — 2 0 mm 
1 7 0TC 

$ . 5 V x 0 . 5 A 
1 ft 0-1 5 OYf 

3 0-1 2 Omi n 



fiK « (./ trfflt ^Ert L/C <, > 4 C 4 *> HB6 6 ftfc • £ £ 
ic*fc t if&ttfcZnOKK-^r. W-rFWWU 

fc<J:V6rfC> 4ttfflt/fc 0 C©B9*&4>W&a> , C* 
4<fc$tc, **tt t 3.30eVt?6D % 

»l> * ©> v > K * * * v #3 .20e V V & 4 C 4 iPh . ft 4 

!8Sftfc 0 13 1 0fcJ:t>'Bl lit S** Fc/Fd=0.v 

Z»i (NO.) ,**a*Wi»rfWU*:ZnO«©fliUI 
jiSSt«>»fifiS<c»T *■ WC^ »-C 5 1/ fctlBBr-* 
C = 0,ifeJ:i>'i,0Mccwt4tC^^CIt 07^0 
&*-7 r 4JW3fHSW4*-7 r 3W»6tl l SS^^620 

t;ttfir'.«fflaftt*Sfcfc4«:-7& 0 c = o.oimo> 
metis* * flWi**«**bfc 0 0lO^t>^ 
A>o^ cn^ ZnO»^fecfc*3arCi?BflW> 

mm c 1/ . 8fiG>ft * * a c <DJSr£<<: ten $ 
^-^.^{S^ftmni;^^ - Ai^4^^^>c 4^ 
Tio, *j«»r * cA^pra-c**. t 

«sa^pnfrc*4 c 4ttc * * T'&m'o 

4^4 0 

[BiBK>n«ailH9] 

[@i] C0%w<^m<c^miffl>-m&mzmw 
tcpi*i/fctte£Br'*4. 

[03] Hl«:Wfti/fc^x^#ttWtfj:cxSRSB 
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[04] a, bteXVck*. SfeS£?50± 10 
# a Zn (NO* ) (C) o.oiMfccfctfifcB 

ft<Fc./Fd) o-vi-okweu ftseHCM4&fE44> 
%m < d ) «:* tven 2 0 m 1 0 mh& u 5 m*4 i/fc 

[05] a, b, cMVdtt, C = 0.0lM, Fc 
/Fd= o.l/l.9fe£C?D = 5 mrfCSStl/. S&S&£72 
0, 680. 630feJ:l>'550*Cil/feH#tc:f#6hfcSR^ffl 

[06] X*Bi^B^**B»tr->QHHt*l/«: 
B*rtf-*B'C**« 

[07] ZnOB«!>e->9t*«!>tt*lt«ji»«:*fl/X 

[B8] aMffblt ZnOfc^tCD? 
^B0-W**Ofc5MRBT**. 

[091 2 n OSSfc^C CE*fx * 4 ftftffift 
©2*4 CMHIK £m 0 tcWm X'&Z. 

m 1 0 ] Z a OttO^iUt^MUtccj^r 
tcov >Tin OtetBRB t** *<> 

ccoc l/fcf BMH £ 0 

[ft^g&ffl] 
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